NiW alloy coatings were obtained from the acid solution with different concentrations of tungstate. Influences of tungsten contents on mechanical and anticorrosion performance of NiW alloy coatings were investigated. Tungsten cannot be directly deposited from aqueous solution. However, with the interaction of nickel ions, tungsten and nickel could be codeposited together considered as induced codeposition. The microstructure of NiW alloys coating is Ni17W3 with face center cubic which is a kind of solid solution with nickel as solvent and tungsten as solute. Tungsten atoms occupy the lattice points of the nickel atoms and squeeze the nickel atoms to form lattice distortion resulting in the increase of hardness. NiW alloy coatings with higher tungsten content possess denser and compact nodular structures that contribute directly to the increase of anticorrosion performance.
INTRODUCTION
According to a recent survey, the annual metal corrosion loss in developed countries accounts for 3-4% of GDP. Metal corrosion can cause great economic loss as well as heavy accidents. Hard chromium coatings are the most commonly used protective materials in harsh environments, which possess the advantages of high hardness, optimal anticorrosion performance and great wear resistance. Many works have been done about hard chromium coatings so far. [1] [2] [3] [4] [5] [6] [7] [8] Although the coatings with chromium possess excellent properties, the hexavalent chromium ions are highly toxic that can badly affect people's physical fitness. At the same time, the discharge of solutions with chromium ions will lead to soil and water pollution. [9] [10] The hexavalent chromium is considered as a kind of high risk toxic substances and forbidden to use in many countries. Therefore, it is of great significant to develop environmentally friendly chromium replacement coatings.
Materials of iron group elements combined with nonmetal or metallic oxide have become one of the popular substitute chromium coatings due to their excellent mechanical and anticorrosion performance. For example, Yu investigated the corrosion resistance of CoP coatings prepared by electroless deposition. [11] NiMo alloys with excellent corrosion resistance were reported by Yang published in journal of corrosion science. [12] Deng prepared a kind of FeMo coatings with optimal wear resistance. [13] Except for the coatings reported above, it is found out that the iron group elements combined with tungsten also possess excellent properties. Tungsten is a silver white metal with high hardness and melting point which does not react with any strong acids at ambient temperature. Therefore, the unique nature of tungsten makes it available in the applications of space, aircraft, metallurgy and so on. In the paper, NiW alloy coatings with various amounts of tungsten were prepared by plating technology to study their different microstructures, hardness, corrosion resistance and surface morphology. In addition, tungsten cannot be deposited from aqueous solution. It is known that iron group metals can be deposited together with tungsten, known as induced codeposition which is also discussed in the paper.
EXPERIMENTAL PART
The electrodeposition system of NiW alloy coatings was based on three electrodes. 99% pure platinum plate with 2×2 cm 2 was used as the counter electrode while 1×1 cm 2 size of pure copper was chosen as the working electrode. Saturated Calomel electrode (SCE) was designed as the reference electrode in the electrodeposition system of NiW alloy coatings. The surface of working electrode was polished each time before electrodeposition. Detail information about plating bath formula and technology parameters was listed in Table 1 . NiW alloy coatings were obtained based on the plating parameters listed in table 1 from the bath of 200 ml. Electrochemistry station (Parstat 2273) was used to prepare and study electrochemistry mechanism of NiW electrodeposition. Cyclic voltammetry curves were used to investigate the electrochemistry process of Ni, W and NiW electrodeposition with 20 mVs -1 scanning rate. Polarization curves were used to study the anticorrosion performance of NiW alloy films based on Tafel extrapolation in the solution of 3.5 wt.% NaCl. The polarization experiment was based on three electrodes system. Meanwhile, the NiW film (1×1 cm 2 ) and platinum sheet (2×2 cm 2 ) were chosen as working and counter electrode respectively. Saturated calomel electrode was used as the reference electrode. The scanning rate was 1 mV/s. The composition of NiW alloy coatings was analyzed by energy dispersive spectrometer (EDX1800B). Hardness of samples was measured by vickers (HVS-1000P) with 0.3 kg pressure. Scanning electron microscope (Hitachi S-4800) was chosen to observe the different surface morphology of NiW alloy coatings. According to the cyclic voltammogram of nickel, with the sweeping voltage moves to negative position, typical reduction peak of nickel is observed. Nickel ions get electrons and start to change to nickel at the potential around -0.4 V. The deposition potential of tungsten is very negative, which cannot be electrodeposited from aqueous solution directly. [14] [15] Regarding to the cyclic voltammogram of tungsten, it is conspicuous that there is no typical reaction current observed with the increase of deposition potential. However, with the interaction of nickel ions, tungsten and nickel could be codeposited together considered as induced codeposition. At present, researchers have not reached a consensus on the mechanism of induced codeposition. Younes believes that a kind of metal complex, [(Ni)(HWO4)(Cit)] 2-will be formed in the electrolyte, that could be deposited in the form of sosoloid to obtain NiW alloys. [16] Podlaha and Landolt state that [17] [18] , during the codeposition process of NiW alloys, a kind of adsorption product [NiCit(WO2)] -will be obtained which is favorable to get NiW alloys.
RESULTS AND DISCUSSION

NiW electrodeposition
All of the above theories suggest that nickel plays a synergistic role in the deposition of tungsten, which is enhanced with the increase of citric acid and nickel ions concentration.
Composition of NiW alloy coatings
NiW alloy coatings could be codeposited from the solution with citrate. It is found out that amounts of tungsten play a big role in the properties of NiW alloy coatings. Therefore, in this sector, different NiW alloy coatings were prepared from the solutions with various concentrations of sodium tungstate. Specific information of NiW composition is shown in figure 2 . Three typical energy peaks representing nickel, copper and tungsten respectively are observed on the EDS pattern. With the increase of tungstate, amounts of tungsten increase gradually from 22% to 45% while the nickel contents in NiW alloys decrease. The tungsten contents of the samples obtained with different concentrations of tungstate were 22%, 32%, 39% and 45% respectively. Therefore, it believes that the tungsten in the solution is favor to increase the tungsten content in NiW alloy coatings. (2) Regarding to the chemical reaction formula (1) and (2), tungstate ions are reduced to tungsten oxide, which is beneficial to form NiW alloys with interaction of nickel and nascent hydrogen. The electrochemical reaction procss of NiW was investigated and discussed by many reporter. [19] [20] [21] 
Microstructure and hardness of NiW alloy coatings
XRD was used to study the microstructure of NiW alloy coatings. The specific information was shown in figure 3 . Three typical diffraction peaks of (110), (200) and (220) are detected on the XRD patterns at 2θ=44.03°, 2θ=51.26° and 2θ=75.23° respectively which illustrated the Ni17W3 structure. With the increase of tungsten contents in the NiW alloy coatings, the intensity of diffraction peaks decrease gradually. Tungsten atoms occupy the lattice points of the nickel atoms and squeeze the nickel atoms to form lattice distortion. The lattice distortion phenomenon decreases grain size of the NiW alloy coating resulting in the decline of diffraction peaks. The crystal cell structures of Ni, W and NiW alloys are also shown in figure 3 . The same structure of NiW alloys was also reported in some works. [22] [23] The Vickers hardness device was used to test the hardness of NiW alloy coatings with different amounts of tungsten. The testing pressure was maintained at 0.3 kg for each specimen. The value of hardness was calculated based on the testing pressure and size of indentation. As can be seen from figure 4 , the hardness of NiW alloys increases greatly with the rise of tungsten contents. When the tungsten content is about 45%, the hardness of the coating can reach to about 950 HV. Because of the high hardness of metallic tungsten, the addition of tungsten significantly increases the hardness of NiW coatings. The NiW alloy coating is a kind of solid solution structures with nickel as solvent and tungsten as solute. The lattice node of nickel atom is occupied by tungsten atom. The higher the content of tungsten in the coating, the greater the lattice distortion will be caused which contributes to the increase of hardness. Electrochemistry station was used to analyze the anticorrosion performance of NiW alloy coatings based on polarization curves in the bath with 3% mass percent sodium chloride.
Anticorrosion performance and surface morphology of NiW alloy coatings
According to the figure 5, it is clear that NiW alloy coatings with various tungsten contents possess different Tafel curves. Detail information about corrosion potential and current density is listed in Table 2 . With the increase of tungsten contents, the NiW alloy coatings possess more negative self corrosion potential and less corrosion current density. The incorporation of tungsten atoms decreases the grain size of NiW alloy coatings to form denser surface that contribute directly to the decline of corrosion current density. Moreover, the Tafel slope ba ranged from 60.1 to 163.3 mv/dec since the tungsten contents increased gradually.
In order to investigate the effect of tungsten contents on the surface morphology of NiW alloy coatings, SEM images of samples are shown in figure 6 . 
CONCLUSION
NiW alloy coatings with different tungsten contents were electrodeposited in the paper. The effect of tungsten on microstructure, hardness, anticorrosion and surface morphology of NiW alloy coatings was investigated. It was found out that, NiW alloy coatings could be codeposited from the solution with citrate. The amounts of tungsten play a big role in the properties of NiW alloy coatings. Improving the concentration of tungsten in the solution is favor to increase the tungsten content in NiW alloy coatings. NiW alloy coating is a kind of solid solution structures with nickel as solvent and tungsten as solute, considered as Ni17W3. The lattice node of nickel atom is occupied by tungsten atom. The higher the content of tungsten in the coating, the greater the lattice distortion will be caused which contributes to the increase of hardness. NiW alloy coatings with higher tungsten content possess denser and compact nodular structures resulting better anticorrosion performance.
